This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not Hmited to): 

• BLACK BORDERS 

• TEXT cut OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



AN -1998:664214 CAPLUS 

DN - 130:3743 XP-002266283 
Tl - Synthesis and crystal structure of carvedilol 
IN - Chen. Wei-MIn; Zeng, Long-Mel; Yu, Kal-Bel; Xu, Jl-Hong 
CS - Inst. Pharmaceutical Sol., The First Military Med. Univ., Canton, 510515 
Peep. Rep. China 

SO - Jlegou Huaxue (1998), 17(5), 325-328 
CODEN: JHUADF; ISSN: 0254-5861 

PB - "Jlegou Huaxue" Bianji Weiyuanhui 

DT - Journal 

LA - English 

AB - The crystal structure of carvedilol (I), prepd. from 4-(2,3- 

epoxypropoxy)carba2ole and 2-MeOC6H40CH2CH2NH2, was deld. by 
single-crystal x-ray diffraction. The crystal is composed of a pair of 
enantiomers, and there are hydrogen bonds OH-N between the two 
enantiomers. There are two planes In the mol. 



BNSOOaO: <XP_ja6«283A_L> 



I) 



umsm a it ^ UIEGOU HUAXUE) Vol. 17, No; 5 

1998.9. Chinese J. Struct, Chem* v^Sept. 1958^ 



Synthesis and Crystal Structure of Carvedilol 

CHENWei-Min^ ZENG Long-Mei^ YU Kai-Bei^ XU Ji-HongV 
(} Institute of Pharmaceutical Sciences f the First Military Medical University f 
Guangzhou f 510515 Department of Chemistry f Zhongshan University f 
Guangzhou 510275;^ Chengdu Institue of Analysis and Measurements 
the Chinese Academy of Sciences ^ Chengdu 610041) 

ABSTRACT The crystal structure of the title compound carvediloU C24H2SN2O4 (Afr 
= 406. 47) ♦ has determined by single-crystal X-ray diffraction. The crystal is mono- 
clinic with space group PZjc, a=9. 094(1), 6=12. 754(1), c=18. 330(2) A , P= 
97. 36(1)% 1^=2108.5(4) k\ Z=4, De=1.280 g/cm% F(000) = 864, //=0.088 
mm"* and final R=0. 0368, w;l?(F^)=0. 0787 for reflections (/>2<t(/)). X-ray anal- 
ysis reveals that the crystal is composed of a pair of enantiomer, and there are hydrogen 
bonds 0(3)— H(30)— N(l) between the two enantimers. There are two planes in the 
molecule. 

Keywords: carvedilol, synthesis, crystal structure 

1 INTRODUCTION 

Carvedilol, l-( 4-carbazoIyloxy )-3-C 2-methoxyphenoxy ) ethylamino >2- 
propanol, is a new ^-blocking and vasodilating agent^^\ It had sjmthesized by F. 
Wiedemann et af^^. Hov^ever the report about crystal structure of carvedilol has not 
been seen. In this paper, vre discuss the crystal structure of the carvedilol sjmthe- 
sized^-^ by the reaction of 4-(2 , 3-exoxypropoxy)-carbazole and 2- ( 2-methoxyphe- 
noxy ) ethylamine. Since knowledge of the molecular and crystal structure of 
carvedilol was considered useful for understanding the mechanism of the action on the 
receptor, the X-ray crystallographic study was carried out. 

2 EXPERIMENTAL 

2. 1 Synthesis"^ 4-(2,3-Epoxypropoxy)-carbazole (lOg, 42mmol) and 2-(2- 
methoxyphonoxy) -ethylamine (lOg, 60 mmol) in 50 ml glycol dimethyl ether were 
stirred for 25 h at 50 *C. The reaction mixture was evaporated to dryness in a Ro- 
tavapor and the residue was stirred in llSnil toluol, 35 ml cyclohexane and 40 ml 
ethyl acetate, and recrystallized from ethyl acetate with the use of activecharcoaL 
10. 4 g (61%) of the title compound were afforded. The single crystals suitable for 
X-ray analysis were obtained from the mixture solvent of toluol, cyclohexane and 
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ethyl acetate, mp: 114-115 'C ; Calcd. for Cj^HjoNjO*: C, 70.92, H, 6.45, N, 
6.89. Found C, 70.75, H, 6. 60, N, 6.72. IR(KBr): v (N-H, 0-H)3346(s), 
(aryl-H)3087(w), 1609(s), 1588(s), 1503(s), 1447(s) cm-\ NMR: ShI.S (s, 
2H, O-H, Na,-H), 3.1 (m, 4H, C(9)H2NCao)H2), 3.8 (s, 3H, OCH3), 4.2 
(m, 5H, Ca2)H2C(u)H, C^.M, 6.7 (d, IH, Ca5)H). 6.9 (s, 4H, C(3-6,H4), 
7.1 (d, IH, Co6,H). 7.4-7.2 (m, 4H, Qzz-zJHs), 8.2.0 (d, IH, N«>H), 
8.30(d, IH, C(u>H). MS: mA 406.2(M+, 17.75^). 

2. 2 Structure determination A single crystal with dimensions of 0. 66mm X 
0. 52mm X 0. 52mm was selected for X-ray diffraction analysis. All intensity data 
were collected on a Siemens diffractometer with graphite monochromated MoKaU 
= 0. 71073 A ) radiation using <o scan mode. A total of 4081 reflections were collect- 
ed in the range of 1. 95<^<24. 96° at the temperature of 295 K, of which 2096 in- 
dependent observed reflections with />2a(7) were used in the structure determina- 
tion and refinement. The structure was solved by direct methods and succeeding dif- 
ference Fourier synthesis. A full-matrix least-squares refinement gave final R = 
0. 0368 and u;/2=0. 0787 with W=l/Ca'(Foy+<:o. 0501P)^: and P= Cmax(F,^ 
0)-|-2F.2D/3, (A/<t)„^=6. 004, 5=0. 860. The program for structure solution and 
refinement is SHELXTL 5. 03. • 

3 RESULTS AND DISCUSSION 

The title compound was prepared from 4-(2,3-epoxypropoxy)-carba2ole and 2- 
(2-methoxyphonoxy) ethylamine as following equation: 

^^^OCH^CHCH. OCH.CH.NH, OCH,CHCH,NH - CH^CH^O 

N OCH, N 



H H 



Carvedilol 



The ORTEP plot of the carvedilol with the H atoms is shown in Fig. 1. The unit ceU 
packing of the carvedilol is shown in Fig. 2. Atomic coordinates and thermal parame- 
ters are listed in Table 1. The selected bond lengths and angles are given in Table 2 
and Table 3 , respectively. 

Fig. 2 shows that the crystal is composed of a pair of enantiomers, C (11) is a 
chiral carbon. The angle of O(3)-G(ll)-C(10) is 110. 5(2)% that of C(12)-C 
(ID— C(10) is 110. 4(2)', which are larger than normal 109. 5(2)°, the angle of O 
(3)-C(ll)-C(12) is 107. 13% which is slightly less than normal 109. 5". The 
atoms C(l), 0(1), C(2), C(3), C(4), C(5). C(6), C(7) are on one plane, 
plane equation, -2. 846X+12. 0217-1. 391Z-I-4. 9410 = 0. While the atoms C 
(13), C(14), C(15), C(16), C(17), C(18). N(2). C(19). C(20), C(21). 
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C(22), C(23), C(24) are on the another plane, plane equation —2. 470X + 
11. 5647-5. 228Z+2. 1566 = 0, 

Table 1. Atomic Coordinates and Thermal Parameters (A*) 



Atom 


X 


y 


X 


Ueq 


Atom 


X 






0(1) 


0. 6502(1) 


— 0. 2750(1) 


— 0 llSOfl) 


0 OfiQ 






—ft ft0^7f9) ft 19^Af1) 


ft ftAI 








U. WOi \.LJ 


ft ftC7 
U. UD / 






— U. UJ14v.^^ 0. 0957Ci; 


0. 056 


0(3) 


0. 3346(2) 


-0. 0714(1) 


0. 0299(1) 


0. 075 


0(12) 


0. 2915(2) 


-0.0409(2) 0.1528(1) 


0. 050 


0(4) 


0.3617(1) 


-0. 0015(1) 


0. 2218(1) 


0. 061 


C(13) 


0. 2817(2) 


0.0031(1) 0.2803(1) 


0. 055 


N(l) 


0. 6482(2) 


-0. 0943(1) 


0. 0719(1) 


0. 058 


0(14) 


0.1396(2) 


-0.0352(2) 0.2810(1) 


0. 070 


N(2) 


0. 3756(2) 


0. 1060(1) 


0.4609(1) 


0. 068 


0(15) 


0. 0697(2) 


-0. 0232(2). 0. 3439(1) 


0. 080 


C(l) 


0. 5335(3) 


-0. 2973(3) 


-0.1699(2) 


0. 096 


0(16) 


0.1358(2) 


0.0251(2) 0.^059(1) 


0. 078 


0(2) 


0. 7837(2) 


-0. 2442(1) 


-0.1312(1) 


0. 054 


0(17) 


0. 2802(2) 


0.0608(1) 0.4056(1) 


0. 058 


C(3) 


0. 8180(3) 


-0. 2439(2) 


-0. 2018(1) 


0. 073 


0(18) 


0. 3543(2) 


0.0498(1) 0.3436(1) 


0. 049 


0(4) 


0. 9535(3) 


-0. 2108(2) 


-0. 2156(1) 


0. 088 


0(19) 


0. 5017(2) 


0.0899(1) 0.3632(1) 


0. 049 


0(5) 


1.0573(3) 


-0.1773(2) 


-0.1605(2) 


0. 084 


C(20) 


0.5114(2) 


0.1234(1) 0.4368(1) 


0.056 


0(6) 


1.0243(2) 


-0. 1758(2) 


-0. 0875(1) 


0. 070 


0(21) 


0. 6419(3) 


0.1617(2) 0.4745(1) 


0. 072 


0(7) 


0.8873(2) 


-0.2091(1) 


-0. 0737(1) 


0. 052 


! 0(22) 


0. 7628(3) 


0.1668(2) 0. 4378(1) 


0. 079 


0(8) 


0. 8994(2) 


-0.1381(2) 


0. 0482(1) 


0. 065 


0(23) 


0.7563(2) 


0.1371(2) 0.3648(1) 


0. 072 


0(9) 


0. 7931(2) 


-0. 1338(2) 


0.1041(1) 


0.064 


0(24) 


0. 6274(2) 


0.0986.(2) 0.3270(1) 


0. 059 



Vw^ is defined as one third of the trace of the orthogonalized (7,-/ tensor 

Table 2. Selected Bond Lengths ( A ) 



Bond 




Dist. 


Bond 




Dist. 


Bond 




Dirt. 


Bond 




Diat. 


0(1)- 


~C(1) 


1.429(3) 


N(2) 


-0(17) 


1.374(2) 


0(8)- 


•0(9) 


1.497(3) 


0(17) 


-0(18) 


1. 400(2) 


0(1)- 


-0(2) 


1. 365(2) 


N(2) 


-0(20) 


1.382(2) 


0(10) 


-0(11) 


1.518(2) 


0(18) 


-0(19) 


1. 437(2) 


0(2)- 


-0(7) 


1.368(2) 


0(2) 


-0(3) 


1.370(2) 


0(11) 


-c(iij) 


1.514(2) 


0(19) 


-0(20) 


1. 407(2) 


0(2)- 


-0(8) 


1.424(2) 


0(2) 


-0(7) . 


1.394(2) 


0(13) 


-0(14) 


1.383(2) 


0(19) 


-0(24) 


1. 398(2) 


0(3)- 


-0(11) 


1. 430(2) 


0(3) 


-0(4) 


1. 357(3) 


0(13) 


-0(18) 


1.394(2) 


0(20) 


-0(21) 


1. 384(2) 


0(4) 


-0(12) 


1.431(2) 


0(4) 


-0(5) 


1. 360(3) 


0(14) 


-0(lS) 


1. 395(3) 


0(21) 


-0(22) 


1. 362(3) 


0(4)- 


-(:(i3) 


.1.372(2) 


0(5) 


-0(6) 


1. 408(3) 


C(V5) 


-006) 


1.363(3) 


0(22) 


-0(23) 


1.385(3) 


N(l) 


-0(9) 


1.462(2) 


0(6) 


-0(7) 


1.371(2) 


0(16) 


-0(17) 


1.391(3) 


0(23) 


-0(24) 


1.374(2) 


N(l) 


-0(10) 


1. 459(2) 





















Table 3. Selected Bond Angles C") 



Angle 






(•) 


Angle 






(•) 


Angle 






C') 


0(1)- 


■0(1)- 


■0(2) 


117.9(2) 


0(2)- 


■0(8)- 


0(9) 


106. 3(2) 


0(16) 


-0(17) 


-0(18) 


121.6(2) 


0(7)- 


■0(2)- 


-0(8) 


118. 40(14) 


N(l)- 


■0(9)- 


0(8) 


111. 4(2) 


0(13) 


-0(18) 


-0(17) 


119. 5(2) 


0(12) 


-0(4) 


-0(13) 


118. 95(14) 


N(l)- 


-0(10)- 


-0(11) 


112. 4(2) 


0(13) 


-0(18) 


-0(19) 


133.4(2) 


0(9)- 


-N(l)- 


-0(10) 


111.74(14) 


0(3)- 


-0(11)- 


-0(10) 


110.5(2) 


0(17) 


-0(18) 


-0(19) 


107.0(2) 


0(17) 


-N(2) 


-0(20) 


109.7(2) 


0(3)- 


•0(11)- 


-0(12) 


107. 13(14) 


0(18) 


-0(19) 


-0(20) 


106. 83(14) 


0(1)- 


•0(2)- 


■0(3) 


124.1(2) 


C(10)- 


-0(11) 


-0(12) 


110.4(2) 


0(18) 


-0(19) 


-0(24) 


.134. 7(2) 


0(1)- 


-0(2)- 


•0(7) 


115. 83(14) 


0(4)- 


•0(12)- 


-0(11) 


106.8(2) 


0(20) 


-0(19) 


-0(24) 


118. 5(2) 


0(3)- 


-0(2)- 


■0(7) 


120.0(2) 


0(4)- 


■0(13)- 


-0(14) 


125. 6(2) 


N(2)- 


-0(20)- 


-0(19) 


108. 0(2) 


0(2)- 


-0(3)- 


-0(4) 


119.9(2) 


0(4)- 


-0(13)- 


-0(18) 


115. 32(14) 


N(2)- 


-0(20)- 


-0(21) 


129. 9(2) 


0(3)- 


-0(4)- 


-0(5) 


121.3(2) 


0(14)- 


-0(13) 


-0(18) 


.119.1(2) 


0(19) 


-0(20) 


-0(21) 


122. 1(2) 


0(4)- 


•0(5)- 


•0(6) 


119.9(2) 


C(13)' 


-0(14) 


-0(15) . 


119. 6(2). 


0(20) 


-0(21) 


-0(22) 


117.7(2) 


0(5)- 


•0(6)- 


•0(7) 


118.7(2) 


0(14) 


-0(15) 


-0(16) 


122. 7(2) 


0(21) 


-0(22) 


-0(23) 


121.8(2) 


0(2)- 


-0(7)- 


■0(2) 


114.8(1) 


C(l&)- 


-0(16) 


-0(17) 


117.4(2) 


0(22) 


-0(23) 


-0(24) 


120. 9(2) 


0(2)- 


-0(7)- 


•0(6) 


125.1(2) 


N(2)- 


•0(17)- 


-0(16) 


129.9(2) 


0(19) 


-0(24) 


-0(23) 


119. 0(2) 


0(2)- 


-0(7)- 


■0(6) 


120.1(2) 


N(2)- 


-0(17)- 


-0(18) 


108. 5(2) 











; The X-ray crystallographic analysis sfhows that there is a hydrogen bond P(3) — 
H(30)— N(l) between the two enantiomers , the distance of 0(3)— N(l) is 2. 837 
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A » and the bond length 0(3) — H(3) is 1. 139 A t hydrogen bond length of H(30) 
-N(l) is 1. 730 A- The angle of O(3)-H(30)-N(l) is 173- \\ 




Fig, 1 Structure of carvedilol. Fig. 2 Packing of the molecules iri a unit cell 

In vitro in vestigations with the purified stereoisomers of carvedilol show that 
adrenoceptor blockade can be attributed primarily to the S( — )-enantiomer. In con- 
trast, both enantiomers exhibit similar ofi-adrenergic blocking activity Thus, the 
configuration of chiral carbon C(ll) is related to the structure of ^i-adrenoceptor, 
and not related to the structure of ai -adrenoceptor. The following illustration was 
thought''*-' as structure-activity relationship of carvedilol. The data of this paper will 
be useful for understanding the activity center of ai -adrenoceptor and /?i-adrenocep- 
tor. 

beta-blo ckade alpha-biockade 
0CH2CHCH,NH CH,CH,0 

N 

H • ' ■ 

Fig, 3 Structure-activity relationship of carvedilol 
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